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Arrangement for the production of a three-dimensional product 

5 

TECHNICAL FIELD 

The invention relates to an arrangement for the production of a three- 
dimensional product, which arrangement comprises a work bench on which 

1 0 the said three-dimensional product is to be constructed, a powder dispenser 
which is arranged to apply a thin layer of powder onto the work bench to 
create a powder bed, an irradiation gun for transmitting energy to the powder 
so that melting of the powder takes place, the arrangement comprising a 
casing within which the pressure is reduced in relation to the atmospheric 

15 pressure and within which the work bench and the irradiation gun are 
located. 

BACKGROUND ART 

20 In, for example, US 4,863,538, an arrangement is already known for the 
production of a three-dimensional product by melting in succession selected 
parts of a layer of powder applied on a work bench. The arrangement 
comprises a work bench on which the said three-dimensional product is to 
be constructed, a powder dispenser which is arranged to apply a thin layer 

25 of powder onto the work bench to create a powder bed, an irradiation gun for 
transmitting energy to the powder whereby melting of the powder takes 
place, means for guiding the radiation emitted by the irradiation gun over the 
said powder bed to create a cross-section of the said three-dimensional 
product by melting parts of the said powder bed, and a control computer in 

30 which information about a succession of cross-sections of the three- 
dimensional product is stored. By melting selected parts of powder layers 
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that have been applied in succession, the three-dimensional product is 
constructed. The control computer is intended to control means for deflecting 
the radiation generated by the irradiation gun over the powder bed according 
to an operating plan which reproduces a predetermined pattern. When the 
5 required areas of a layer of powder have been melted according to the. 
operating plan, a cross-section of the said three-dimensional body has been 
created. A three-dimensional product is created by melting in succession 
cross-sections that are created in succession in layers of powder that are 
applied in succession by the powder dispenser 

10 

The arrangement according to US 4,863,538 is designed for the 
manufacture of three-dimensional bodies in various kinds of material, for 
example metal or plastic. With certain materials, however, problems arise 
with unwanted side-reactions. An arrangement has therefore been designed 
1 5 which comprises a casing within which the work bench, powder dispenser 
and irradiation gun are arranged. Within this casing the pressure is reduced, 
so that a vacuum arises. In this way, side reactions are avoided. 

However, a problem has arisen associated with replenishing powder in the 
20 powder dispenser. For replenishing, the vacuum chamber must be opened, 
powder replenished, the vacuum chamber closed and a vacuum created 
again. This procedure involves a stoppage in the manufacturing process. In 
addition, the product on the work bench is able to cool. This means, among 
other things, that the fusion of the different layers is impaired and that the 
25 next layer of powder can therefore adhere less strongly. Cracks can arise in 
the product. 

There is thus a need to solve these problems associated with replenishing 
the powder in the arrangement. 

30 

DISCLOSURE OF INVENTION 
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The problems described above are solved by means of the invention by 
means of the powder dispenser being arranged partially outside the casing. 
This is arranged according to the invention by a part of the powder 
5 dispenser being arranged outside the casing and another part inside the 
casing. In this way, powder can be added to the powder dispenser without 
the manufacturing process needing to be interrupted. 

It has the same effect for the invention if a supply pipe is taken through the 
1 0 wall of the casing as when the powder dispenser is taken through the wail of 
the casing. An embodiment in which the powder dispenser is arranged inside 
the casing, but is connected to a supply pipe which is taken through the 
casing, is also covered by the invention. 

15 In order to help to prevent an increase in pressure, the arrangement 
according to the invention comprises means for preventing the powder 
dispenser's contact with the surroundings affecting the pressure conditions 
inside the casing. The means for maintaining the pressure conditions inside 
the casing can, for example, be a column of powder inside the powder 

20 dispenser. Another means for maintaining the pressure conditions within the 
casing is to provide the powder dispenser with a cover with a valve. Such a 
cover with valve can, for example, be arranged on the top or at the bottom of 
the powder dispenser. It is, however, important in order for the pressure 
conditions inside the casing to be maintained that, when in use, the powder 

25 dispenser has constantly a column of powder of a certain height. The column 
of powder has preferably a height of 1000 mm. A 1000 mm high column of 
powder is sufficient to maintain the pressure conditions for a column of 
powder with a diameter of approx. 140 mm when the powder has a particle 
size that fulfils the following parameters. No particle has a diameter that 

30 exceeds 106 jjm. Only a few particles have a diameter that is less than 40 
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urn. The majority of the particles (more than 50%) have a diameter that is 80 
jjm. 

According to an embodiment of the invention, the arrangement comprises a 
5 first chamber, which encloses the work bench, and a second chamber, which 
encloses the irradiation gun, the chambers being located inside the casing 
and connected to each other via a duct. The powder dispenser is preferably 
arranged in association with the first chamber. 

1 0 According to an embodiment of the invention, the arrangement comprises a 
means of supply in the form of a container with compartments which can be 
moved so that powder can be supplied to the powder dispenser from the 
different compartments. 

1 5 DESCRIPTION OF DRAWINGS 

Figure 1 shows an arrangement according to an embodiment of the invention 
viewed in cross-section. 

20 Figure 2 shows an arrangement according to an embodiment of the invention 
viewed in cross-section. 

Figure 3 shows the embodiment according to Figure 2 from a different 
viewpoint. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows in cross-section an arrangement for the production of a 
three-dimensional product generally designated by 1. The arrangement 
30 comprises a work bench 2 on which a three-dimensional product 3 is to be 
constructed, a powder dispenser 4, and a device 28 which is arranged to 
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apply a thin layer of powder onto the work bench 2 to create a powder bed 5, 
an irradiation gun 6 for transmitting energy to the powder bed whereupon 
melting of parts of the powder bed takes place, means for guiding 7 the 
radiation emitted by the irradiation gun 6 across the said work bench to 
5 create a cross-section of the said three-dimensional product by melting the 
said powder, and a control computer 8 in which information is stored about a 
succession of cross-sections of the three-dimensional product, which cross- 
sections build up the three-dimensional product. During a work cycle, 
according to the embodiment shown, the work bench will be gradually 

10 lowered in relation to the irradiation gun after each applied layer of powder. 
In order to make this movement possible, in a preferred embodiment of the 
invention, the work bench is arranged to be able to be moved in a vertical 
direction, that is in the direction that is indicated by the arrow P. This means 
that the work bench starts in an initial position 2 1 in a position where a first 

1 5 layer of powder of the necessary thickness has been applied. In order not to 
damage the underlying work bench and in order for this layer to be of a 
sufficient quality, this layer is made thicker than other layers which are 
applied on top, whereby melting right through of this first layer is avoided. 
Thereafter, the work bench is lowered in association with a new layer of 

20 powder being applied, to create a new cross-section of the three- 
dimensional product. For this purpose, in an embodiment of the invention, 
the work bench is supported on a stand 9 which comprises at least one rack 
10 with teeth 11 . A stepping or servo motor 12 provided with a cog wheel 13 
sets the work bench 2 at the required height. Other arrangements known to 

25 experts in the field for setting the working height of a work bench can also be 
used. For example, adjusting screws can be used instead of toothed cogs. 
According to an alternative embodiment of the invention, means in the 
arrangement for applying the powder can be gradually raised, instead of 
lowering the work bench as in the embodiment described above. 
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The device 28 is arranged to interact with the said powder dispenser for 
replenishing it with material. In addition, the device 28 is arranged to sweep 
across the work surface in a known way by means of a servo motor (not 
shown), which moves the device 28 along a guide rail 29 which runs along 
5 the powder bed. 

Upon the application of a new layer of powder, the thickness of the layer of 
powder will be determined by how much the work bench has been lowered in 
relation to the previous layer. This means that the layer thickness can be 
1 0 varied as required, it is therefore possible, where a cross-section has a large 
change of shape between adjacent layers, to make thinner layers whereby a 
higher degree of surface fineness is achieved and, when there is tittle or no 
change of shape, to make the layers the maximum penetration thickness for 
the radiation. 

15 

In a preferred embodiment of the invention, the irradiation gun 6 consists of 
an electron gun, with the means for guiding 7 the irradiation gun's radiation 
consisting of deflection coils 7". The deflection coil 7" generates a magnetic 
field, which guides the radiation generated by the electron gun, whereby 
20 melting of the surface layer of the powder bed in the required place can be 
achieved. 

In addition, the irradiation gun comprises a high-voltage circuit 20 which is 
intended to provide the irradiation gun in a known way with an acceleration 
25 voltage for an emitter electrode 21 arranged in the irradiation gun. The 
emitter electrode is connected in a known way to a power source 22 which is 
used to heat up the emitter electrode 21 whereupon electrons are emitted. 
The function and composition of the irradiation gun is well known to an 
expert in the field. 



30 



WO 2004/054743 



7 



PCT/SE2003/001932 



The deflection coil is controlled by a control computer 8 according to an 
operating plan worked out for each layer that is to be melted, whereby 
guidance of the radiation according to the required operating plan can be 
achieved. 

5 

In addition, there is at least one focusing coil T which is arranged to focus 
the radiation on the surface of the powder bed on the work bench. Deflection 
coils and focusing coils can be arranged in a plurality of ways known to 
experts in the field. 

10 

The arrangement is enclosed in a casing 15 that encloses the irradiation gun 
6 and powder bed 2. The casing 15 comprises a first chamber 23 which 
encloses the powder bed and a second chamber 24 which encloses the 
irradiation gun 6. The first chamber 23 and the second chamber 24 are 
15 connected to each other via a duct 25, which enables emitted electrons, 
which have been accelerated in the high-voltage field in the second chamber 
to continue into the first chamber in order to then strike the powder bed on 
the work bench 2. 

20 The powder dispenser 4 is arranged in such a way that it is in contact with 
the surroundings by being partially arranged outside the casing 15 and 
partially inside. A first part 4a of the powder dispenser 4 is arranged in the 
first chamber 23 and a second part 4b is arranged outside the casing 15. 
The powder dispenser 4 can be replenished in batches or continually, 

25 without the casing 15 needing to be opened and the manufacturing process 
being interrupted. 

The supply of powder to the powder dispenser 4 can be carried out in 
various ways. According to an embodiment (not shown in the figures), the 
30 powder is supplied using a screw on the powder dispenser 4. According to 
another embodiment (not shown in the figures), the powder is supplied to the 
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dispenser 4 via a container with movable compartments. The movable 
compartments can be moved in such a way that an empty compartment can 
be moved away from the dispenser opening and replaced by a full 
compartment, whereupon replenishing of powder to the dispenser 4 can 
5 continue. 

In one embodiment, the first chamber is connected to a vacuum pump 26 
which reduces the pressure in the first chamber 23 to a pressure of 
preferably approx. 10" 3 - 10" s mBar. The second chamber 24 is preferably 
1 0 connected to a vacuum pump 27 which reduces the pressure in the second 
chamber 24 to a pressure of approx. 10" 4 - 10" 6 mBar. In an alternative 
embodiment, both the first chamber and the second chamber can be 
connected to the same vacuum pump. 

1 5 In order that the vacuum that has been created within the casing 15 by the 
vacuum pumps 26, 27 will be retained or for there only to be an insignificant 
increase in pressure, it is important for the powder dispenser 4 to have a 
column of powder 30. Any increase in pressure that arises in spite of the 
column of powder 30 can be counteracted by the vacuum pumps 26, 27. The 

20 power that is required to counteract an increase in pressure is typically of 
the order of 1/100 to 1/20 of the maximum power that is required to create 
the original vacuum in the casing 15. 

In addition, the control computer 8 is preferably connected to the irradiation 
25 gun 6 for controlling the emitted power of the irradiation gun and is 
connected to the stepping motor 12 for setting the height position of the work 
bench 2 between each consecutive application of a layer of powder, 
whereby the thickness of the individual layers of powder can be varied. 

30 In addition, the control computer is connected to the said device 28 for 
applying the powder onto the work surface. This device is arranged to sweep 
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across the work surface, whereby a layer of powder is applied. The device 
28 is driven by a servo motor (not shown) which is controlled by the said 
control computer 8. The control computer controls the length of the sweep 
and ensures that powder is replenished when required. For this purpose, a 
5 toad sensor can be arranged in the device 28, whereby the control computer 
can obtain information to the effect that the device is empty. 

Figure 2 shows an arrangement 1 according to the invention viewed in 
cross-section. The arrangement 1 according to Figure 2 corresponds to the 
1 0 arrangement according to Figure 1 , with the exception that the arrangement 
in Figure 2 has, in addition, a supply device 31 for supplying powder to the 
powder dispenser 4 and a fixing device 32. The supply device 31 consists of 
a container which is arranged above the powder dispenser 4. 

1 5 Figure 3 shows the arrangement 1 according to Figure 2 viewed from the left 
in Figure 2. In other words, in Figure 3 the arrangement 1 is rotated through 
90° to the right in relation to Figure 2. The arrangement 1 in Figure 3 is not 
shown in cross-section. The supply device 31 has a number of 
compartments and is arranged to be able to move on a fixing device 32, In 

20 this way, the supply device 31 can be moved from left to right, or vice versa, 
when a compartment is empty, in order to be able to replenish the powder 
dispenser 4 from a full compartment. 

The embodiment described constitutes only one example of how the 
25 invention can be carried out. Other embodiments are also possible within the 
framework of what is described in the claims. For example, the arrangement 
can have more than one powder dispenser. 
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CLAIMS 

1. An arrangement for the production of a three-dimensional product, 
which arrangement comprises a work bench on which the said three- 

5 dimensional product is to be constructed, a powder dispenser which is 
arranged to apply a thin layer of powder onto the work bench to create a 
powder bed, an irradiation gun for transmitting energy to the powder so that 
melting of the powder takes place, the arrangement comprising a casing 
within which the pressure is reduced in relation to the atmospheric pressure 

10 and within which the work bench and the irradiation gun are located, 
characterized in that the powder dispenser, or a supply pipe connected to 
the powder dispenser, is arranged partially outside the casing, 

2. The arrangement as claimed in claim 1, characterized in that it 
15 comprises means for preventing the powder dispenser's contact with the 

surroundings affecting the pressure conditions inside the casing. 

3. The arrangement as claimed in claim 2, characterized in that the 
means for maintaining the pressure conditions inside the casing is a column 

20 of powder in the powder dispenser, 

4. The arrangement as claimed in claim 3, characterized in that the 
column of powder has a height of 1000 mm. 

25 5. The arrangement according to any one of the above claims, 
characterized in that it comprises a first chamber (23), which encloses the 
work bench, and a second chamber (24), which encloses the irradiation gun 
(6), the chambers (23), (24) being located inside the casing and connected 
to each other via a duct (25). 

30 
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6. The arrangement as claimed in claim 5, characterized in that the 
powder dispenser is arranged in association with the first chamber 

7. The arrangement according to any one of the above claims, 
5 characterized in that it comprises a supply device (31) in the form of a 

container with compartments which can be moved so that powder can be 
supplied to the powder dispenser (4) from the different compartments. 



WO 2004/054743 



3/3 

3/3 



PCT/SE2003/001932 




1 I 
I I 



FIG 3 



1 

INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 2003/001932 



A, CLASSIFICATION OF SUBJECT MATTER 



IPC7* B22F 3/105 

According to International Patent gasification (iPC) or to both national deification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassiFicaticn system followed by classification symbols) 

IPC7: B22F S B29C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data has* consulted during the international search (name of data base and, where practicable, search terms used) 



EPO- INTERNAL, WPI 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



WO 0181031 Al { ARCAM AB), 1 November 2001 

(01,11.2001), page 7, line 31 - page 8, line 4, 
figure 1 



US 5647931 A (DAVID RETALLICK ET AL), 15 July 1997 
(15.07.1997), column Z, line 39 - line 43; 
column 2, line 55 - line 58, figure 1 



Relevant to claim No, 



1-7 



1-7 



□ 



Further documents are listed in the continuation of Box C. 



X See patent family annex. 



*■ Special categories of cited documents: 

"A* document dcuiuag me general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but pii 'dished on or after the international 
filing date 

"L v document which may throw doubts on priority claim{s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"Q" document referring to an Oral disclosure, use, exhibition or other 
means 

"P* document published prior to the mterastiona! filing cite but later than 
the priority date claimed _ 



*T* later document pubHAcd after the international filing date or priority 
dare and not in conflict wjth the application but cited to understand 
the principle or theory underlying the invent! an 

*X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*"Y * document cf particular relevance; the claimed invention cannot be 
considered to involve an inventive siep when the document is 
combined with one or more cUier such documcBtt, such combination 
being obvious to a person stalled in the art 

"&* document member of the same patent family 



Date of the actual completion of the international search 

12 March 2004 



Name and mailing address of ihe tSAf 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Date of mailing of the international search report 

1 5 -03- 2004 



Authorized officer 

Anna-Maj Magnusson/MP 

Telephone No. + 46 8 782 25 00 



Form PCT/IS A/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information .on patent family members 



2770272004 



International application No. 
PCT/SE 2003/001932 



W0 



0181031 Al 01/11/2001 



AU 


5284601 A 


07/11/2001 


CA 


2407073 A 


01/11/2001 


CN 


1426335 T 


25/06/2003 


EP 


1218685 A 


03/07/2002 


EP 


1296788 A 


02/04/2003 


JP 


2003531034 T 


21/10/2003 


SE 


521124 C 


30/09/2003 


SE 


0001557 A 


28/10/2001 


US 


6672533 B 


06/01/2004 


us 


2004026807 A 


12/02/2004 


DE 


4400523 A,C 


13/07/1995 


DE 


59408364 D 


00/00/0000 


EP 


0688262 A,B 


27/12/1995 


JP 


3010312 B 


21/02/2000 


JP 


8502703 T 


26/03/1996 


WO 


9518715 A 


13/07/1995 



US 



5647931 A 15/07/1997 



Form PCT/ISA/210 (patent family annex) (January 2004) 



